require life-long multidisciplinary care, which is particularly challenging in the context of an LMIC.
In southeastern Uganda, an overall under-5 mortality rate of 37% was previously reported for infants with treated MM, with most deaths attributed to infectious diseases. 19 Age at surgery, MM lesion level, presence of hydrocephalus (which was treated), and method of hydrocephalus treatment did not affect outcome.
This study assessed 10-year survival for a geographically defined cohort of Ugandan infants, specifically investigating the correlation with sex, age at surgical closure, weight-for-age at surgery, spinal cord lesion level, the presence of hydrocephalus, and method of hydrocephalus treatment. Our hypothesis was that a survival effect of these factors would become apparent after longer followup, having been initially obscured by the very high mortality in younger children.
Methods study Design and Participants
This retrospective cohort study was conducted with ethics approval from the institutional review board of CURE Children's Hospital of Uganda (CCHU).
Eligible patients were identified from the CCHU electronic database according to the following criteria: diagnosis of MM, presentation at CCHU between December 2000 and December 2004, and age younger than 6 months at the time of primary operative MM closure. To facilitate home visits, the study area was restricted to 16 districts in the southeastern region where the hospital is located (Table 1) .
Clinical Management
Infants presenting to CCHU with MM between 2000 and 2004 usually underwent surgery within 48 hours for debridement of infected tissue and closure of the neural placode, dura, and skin. Those with a CSF leak at presentation received broad-spectrum antibiotics. Patients unwell due to meningitis or ventriculitis often required a period of stabilization before surgical repair.
From December 2000 until October 2001, all infants who developed hydrocephalus had a ventriculoperitoneal (VP) shunt placed for CSF diversion. From October 2001 until February 2003, endoscopic third ventriculostomy (ETV) was attempted as the primary treatment. 17 Endoscopic fenestration through the floor of the third ventricle into the prepontine cistern creates an additional route for CSF egress from the ventricular system. From February 2003, ETV was combined with endoscopic cauterization of the choroid plexus (CPC) in both lateral ventricles. 15 Although the exact mechanism is unclear, ETV/CPC has been shown to be more successful than ETV alone in treating hydrocephalus in these infants. 10, 15, 16, 18 A VP shunt was placed in the event of ETV (with or without CPC) failure.
Data Collection
The following information was obtained from the electronic database and review of the clinical notes: the lowest functioning spinal cord motor level at presentation, age and weight at surgery, the presence of hydrocephalus and method of treatment, and the date and cause of death.
Families of all patients not known to have died were telephoned or visited at home by a research assistant. For those found to have died, the date of death was ascertained from the parent(s) or, if not available, a relative or village chairperson. This individual was also asked about the cause of death and to describe the events leading up to it.
statistical analysis
The primary end point was patient survival from the date of MM closure. Surviving patients were censored at 10 years postsurgery. Children lost to follow-up were censored at the date last seen alive. When the exact date of death was not known, the earliest, midpoint, and latest possible dates of death were determined, and a sensitivity analysis was performed to assess changes in predictor coefficients.
Children with missing data were excluded from the survival analysis. Univariate survival was estimated using the Kaplan-Meier method. Multivariate survival was analyzed using the Cox proportional hazards model including predictor variables (for which p ≤ 0.1 in univariate analysis) added using forward selection. The proportional hazards assumption was confirmed using log-minus-log plots. Continuous variables were all categorized. All analyses were performed using SPSS (version 22, IBM SPSS Statistics, IBM Corp.).
Variables of age at surgery were categorized based on their distributions and crude mortality rate: 0-2 days, 3-14 days, 15-29 days, and 30 days or older. The z-score of weight-for-age at surgery was calculated for each child using WHO AnthroPlus software (http://www.who.int/ growthref/tools/en/). Following the WHO Global Data- base on Child Growth and Malnutrition, infants were divided into 2 categories using a z-score cutoff of less than -2 standard deviations (corresponding to "underweight"). For motor level, children were divided into 3 groups, according to the likelihood of future ambulation. 4 Children with an L-5 motor level or below would be "community ambulators," whereas those with an L-2 motor level or above would not be expected to achieve ambulation. Children with motor level L3-4 could be "household ambulators" with the assistance of orthoses and walking aids. Review of the hospital database identified 61 children who were already known to have died. Of the remaining 84, 22 were contacted by telephone and 59 by home visit. Three children could not be traced.
There were 13 instances of missing data in 12 patients, all of whom had died prior to 3 years of age. Weight at surgery was missing in 9 patients. In 4 patients, the presence of hydrocephalus could not be determined. Excluding those with missing data, 133 patients were included in the survival analysis ( Fig. 1 ). Table 2 summarizes the patient characteristics; 61% of patients were male. The mean and median age at surgery were 22 and 9 days, respectively (range 1-152 days). Thirty-one infants were classified as underweight (weightfor-age z-score less than -2). The anatomical lesion was at the lumbar level or below in 90.3% of patients. The motor level was at L-2 or above in 38%, L3-4 in 31%, and L-5 or below in 31%.
Patient Characteristics

Methods and outcomes of hydrocephalus treatment
Overall, 70 children (53%) developed hydrocephalus, for which 68 underwent at least 1 surgical procedure. The remaining 2 patients did not return for scheduled treatment. One of these patients died of an unknown cause at 10 months of age and the other was lost to follow-up.
A total of 15 patients underwent ETV alone as the pri- mary treatment, with 7 (47%) requiring no further surgery. Of those in whom the initial procedure had failed, one underwent a successful repeat ETV 23 days later. A VP shunt was placed in the remaining 7 patients at a median of 34 days (range 21-168 days) following ETV.
ETV/CPC was the primary treatment in 23 infants, of whom 19 (83%) required no further surgery. The remaining 4 infants underwent VP shunt placement at a median of 61 days (range 14-167 days) after ETV/CPC.
Of 30 infants who had a VP shunt insertion as the primary procedure, 23 had no further surgery (77%). Including those with failed endoscopic surgery, a total of 41 infants underwent VP shunt insertion. Among these patients, 13 patients experienced 22 complications requiring additional surgery (9 shunt failures and 13 shunt infections).
survival of Children after surgically treated MM
Of 58 deaths in the 10 years following surgery, 25 (43%) occurred in the 1st year and 45 (78%) within 5 years (Fig.  2) . Excluding the 3 children lost to follow-up, the probability of survival to 10 years postsurgery was 55% (72/130).
The exact date of death was unknown in 14 cases: 11 deaths were known to have occurred during a certain year and 3 occurred between 2 time points more than a year apart. A sensitivity analysis performed using earliest, midpoint, and latest possible dates of death demonstrated no change in predictor coefficients, and midpoint dates were used for all further analyses.
Cause of Death
There was sufficient information to determine the cause of death in 45 (78%) of 58 children (Table 3) . Thirteen of these 45 deaths (29%) could be attributed to complications of MM. Within 3 months of MM closure, 2 infants died of ventriculitis, 2 of symptomatic Chiari malformation, and 2 of aspiration pneumonia. One child died of probable bowel perforation due to constipation lasting 1 week. One 13-month-old child died of pyelonephritis. In 1 infant who had failed to return for follow-up, there was a history consistent with the development of hydrocephalus. Four children died of pressure sores, the youngest at 7 years of age. Seven deaths were attributed to neglect, which was the single most common known cause of death next to malaria. For one of these infants (a 4-year-old child), the occupational therapist from the local rehabilitation center reported, "The parents had a lot of misunderstanding in their family where the mother was battered so much by the father just because of having given birth to a child with disability…. The father did not want to see this innocent mother bringing the child for rehabilitation services…. After [the mother's] death, [the child] could not have any proper support from the father where he became malnourished, prone to diseases that led to his death." For another 4-year-old infant, the village chairperson reported, "Soon after the killing of the child's father (for theft), the mother neglected the child who eventually died. Mother now lives in another location."
Cox regression Model for survival
Motor level and age at surgery were found to be significant predictors of survival in both univariate and multivariate analyses (Table 4 ). There was a trend toward reduced survival with male sex, presence of hydrocephalus, and being underweight for age at surgery, but these were not statistically significant.
Children who underwent surgery within 2 days of birth had the best outcome. Mortality for those undergoing surgery at 15-29 days was significantly higher (HR 9.091, 95% CI 1.169-70.698).
Compared with children with an initial level at L-5 and below, those with lesions at L-2 and above had significantly increased mortality (HR 3.176, 95% CI 1.557-6.476). This was not significant for the L3-4 group (HR 1.677, 95% CI 0.757-3.717).
Comparison of survival by hydrocephalus treatment Modality
Survival of children with hydrocephalus was analyzed separately, comparing treatment modalities by intention to treat: the 11 children with VP shunt placement following ETV (with or without CPC) failure were analyzed in the ETV (with or without CPC) group.
There was no significant difference in the baseline characteristics (sex, age at surgery, weight-for-age at surgery, or motor level) between the 2 treatment groups (chisquare test).
On univariate analysis, there was no difference in survival between VP shunt and ETV (with or without CPC) treatment groups (HR 1.042, 95% CI 0.547-1.984). Other covariates were included in a multivariate analysis; motor level was the only significant predictor of survival in this There were 4 postoperative deaths. Two deaths occurred as a result of aspiration pneumonia. One infant died on the day of surgery following a respiratory arrest attributed to a reaction to anesthesia. Another child died mysteriously in the night, thought to have suffocated in bed with mother. * Other infections in the first 5 years: measles, pyelonephritis, and 3 cases of unspecified febrile illness. † Other infections beyond 5 years: viral encephalitis and 2 cases of unspecified febrile illness. ‡ Stridor and recurrent respiratory arrest (brainstem dysfunction). § Death due to ongoing failure by the caregiver(s) to meet the children's basic needs including nutrition and access to health care. This was determined by discussion with the family, social worker, and other local figures. 
Discussion survival of Children with surgically treated MM
This is the first report of long-term survival for infants with surgically treated MM from any low-or middle-income country and the largest study of its kind. Despite logistical challenges, only 3 children (2%) were lost to follow-up. The probability of 10-year survival after MM repair was 55%. Including the 12 children with missing data (all of whom died before 3 years of age), the probability of 10-year survival was 51% (72/142). The authors are unaware of 10-year survival data for Ugandan children in the general population.
Long-term survival data for these infants in highincome countries are available from 2 other cohorts of similar size. Five-year survival in 117 unselected British infants undergoing surgery within 48 hours of birth between 1963 and 1971 was 66%, with a steady decline in the survival curve of 3% every 5 years beyond this. 9, 12, 13 A study of 25-year outcomes in a cohort of 118 infants in Chicago between 1975 and 1979 also found that the majority of deaths occurred in the first 5 years, with the death rate leveling off by adolescence. 5 Similarly, in this Ugandan cohort, 78% of deaths occurred within the first 5 years.
Where the cause of death was known, 29% could be attributed to complications of MM, while infectious diseases accounted for more than half. We previously reported that the under-5 mortality in these children was more than double that for the general population in 2001 (141 per 1000 live births) with infectious diseases being the most common cause (http://data.worldbank.org/indicator/ SH.DYN.MORT). 19 The 2011 WHO World Report on Disability showed that people with disabilities have poorer access to health care. 21 This has been explained by poverty and ignorance, willful neglect, family breakdown, and stigmatization from the community. 2, 3, 8, 14 We suspect that these Ugandan children with appropriately treated MM and hydrocephalus had reduced access to basic health care and nutrition compared with their unaffected peers.
In a previous study, we estimated that patients presenting with MM to CCHU from the 3 closest districts represented only 0.24/1000 live births. 19 This is considerably lower than other reported incidences (for example, around 3 per 1000 in Nigeria), 1 suggesting that significant numbers of infants were not brought for surgery. In other populations, MM is slightly more common in females; thus, it is interesting that 61% of our cohort was male, possibly indicating a selection bias.
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Factors Predicting survival
Consistent with previous studies, a motor level at L-5 or below was associated with improved 10-year survival. 12, 13, 20 Higher lesions are associated with greater disability, increasing the risk of dependence, stigmatization, and medical complications.
Earlier surgery was associated with improved survival. Prompt presentation to CCHU suggests delivery in a health care facility where the mother is immediately informed of the diagnosis and need for surgery. The more committed caregivers with sufficient financial means would be more likely to reach CCHU in time to have surgery within 48 hours. This advantage may have persisted throughout childhood.
Increased mortality among those who underwent surgery between 15 and 29 days may reflect a delay in presentation. In addition, surgery was sometimes postponed due to established central nervous system infection until patients were stable. Survival in children who underwent surgery after 30 days was not significantly worse, likely due to selection for infants avoiding or surviving an initial central nervous system infection, with subsequent epithelialization of the lesion.
Management of hydrocephalus
The incidence of hydrocephalus in this cohort (53%) is lower than that reported in older series but is consistent with more recent studies that likely reflect evolving treatment indications. 6 We found no significant difference in 10-year survival between children whose initial treatment was ETV (with or without CPC) and VP shunt. ETV/CPC was successful in 83%, with no additional operations and no evidence of late treatment failure over 10 years. Of the 41 children who ultimately had a VP shunt, there were 22 complications requiring surgery in 13 children (32%).
The presence of a shunt has been found to negatively impact outcomes into adulthood. 5, 7 Longer follow-up may demonstrate a survival benefit of shunt independence, particularly in this cohort with very limited access to emergency shunt revision surgery.
limitations
The study is limited by its retrospective nature. Thirteen instances of missing data required the exclusion of 12 children from the final analysis, resulting in an overestimation of 10-year survival at 55% (rather than 51% when all children were included). However, this did not significantly alter the shape or appearance of the Kaplan-Meier curve.
Since the majority of children did not die in the hospital, we relied on the account given by parents or another available adult, which would be subject to recall bias. In some cases (predominantly deaths in the first 5 years), no information was available.
Conclusions
Over half of these Ugandan infants survived at least 10 years after MM closure. Most deaths occurred in the first 5 years and were not a direct result of the anomaly. Lesions at motor level L-5 or below and MM repair within 2 days of birth were associated with significantly improved survival. Local health care workers should be trained to facilitate urgent referral. The survival impact of parental and community attitudes and behaviors must be better understood, and the inequality experienced by individuals with disabilities needs to be addressed at a societal level to improve long-term outcomes for these children. references
